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SUMMARY Prognostic stratification was carried out on 518 patients < 65 years of age who were discharged from the hospital following a definite or probable acute myocardial infarction and followed for four months. The total population was made up of 272 patients hospitalzed in 1973 and 246 patients hospitalized in 1974; one hundred and forty-two variables were collected on each patient. The clinical characteristics of the 1973 and 1974 populations were remarkably similar, and both groups had a four-month posthospital cardiac mortality rate of 4%. Two prognostic stratification schemes were developed on the 1973 population which identified low and high risk groups with meaningfully different four-month cardiac death rates. Both stratification schemes were tested on the 1974 population, and one of the two schemes was validated as identifying a THE MAJORITY OF DEATHS from coronary heart disease are sudden, develop outside the hospital, and frequently occur in patients with a prior history of coronary disease.'
In an attempt to reduce the mortality from coronary disease, various strategies have been tried including mobile coronary care units, satellite industrial coronary units, and community emergency rescue squads. These approaches require significantly increased cardiac mortality rate in the high as opposed to the low risk group. The four-month posthospital cardiac mortality rate was 3% in the low and 14% in the high risk group (Z = 2.70, P < 0.003). The high risk group was characterized by two or more of the following characteristics: 1) history of angina at ordinary levels of activity or at rest; 2) CCU hypotension and/or congestive heart failure; 3) ventricular premature beat frequency > 20/hr on a sixhour electrocardiographic tape recording. The low risk group had none or only one of the above characteristics. The prognostic power of this stratification scheme is such that sixteen percent of the posthospital population can be identified as high risk, and this subgroup contains forty-six percent of the patients who die of cardiac cause in the four-month posthospital interval. a very rapid response time, and even then the successes have been few relative to the enormity of the problem.5
In the late 1960s our group was involved in a study of the pre-hospital phase of myocardial infarction. 5 The findings indicated that an immediately available industrial coronary unit did not reduce the mortality rate of on-work employees handled by this method when compared to off-work employees using the traditional community approach. It became apparent that a reduction in mortality would require the identification of patients with increased mortality risk so that appropriate prophylactic and preventive therapy could be administered. In 1974, we described a quantitative method for identifying patients who were at high risk of dying within two years after hospital discharge from myocardial infarction. 8 The unrestricted age of the population, the cumbersome statistical analysis, and the long two-year PROGNOSTIC STRATIFICATION/Moss, DeCamilla, Davis, Bayer the quantitative prognostic index to other populations.
The purpose of the present study was to develop a method for prognostic stratification of patients into low and high risk groups in the early four-month posthospital phase of myocardial infarction. A short posthospital time interval was selected since this period contains the highest mortality rate after recovery from myocardial infarction.9 A stratification method was used for prognostication since this process demarcates clustered groups of people in a manner analogous to clinical reasoning and it incorporates biologic thinking into the statistical management of multiple variables.10
Methods

Population
The gross study population consisted of 353 Monroe County patients less than 66 years of age who entered coronary care units in two of Rochester's community hospitals between January 1, 1973 and December 31, 1973 with either a definite or probable acute myocardial infarction and survived the hospitalization. Definite myocardial infarction was substantiated by a combination of any two of the following: typical coronary-type chest pain, serial acute myocardial enzyme changes, or evolving Q wave abnormality with acute ST and T wave changes on ECG. Probable myocardial infarction patients had typical coronary-type chest pain with minor enzyme changes and/or acute ST and T wave changes on ECG. Patients and their private physicians were required to give informed consent before being entered into the study. Eighty-one patients (23%) did not enter the study for a variety of reasons including patient or physician refusal (7%), short hospital stay (6%), severe coexisting illness (4%), in-hospital death (2%), and miscellaneous problems (4%). Thus, the net study population consisted of 272 patientshereafter called the 1973 population -mean age 54 years with 216 men and 56 women.
A net validation population of 246 patients was obtained using exactly the same criteria except that the patients entered coronary care units in the two Rochester hospitals between January 1, 1974 and December 31, 1974 . This group will be referred to as the 1974 population.
Data Acquisition
The patients in the 1973 and 1974 populations were interviewed during the last week of hospitalization by a nurseinvestigator and the hospital chart reviewed. The patients' medical history prior to entry and the clinical course during the CCU and subsequent hospitalization were recorded on prospectively developed forms.* One hundred and forty-two clinical variables were used to characterize the patients' medical history and in-hospital course. These variables were recorded in computer format and included: 1) demographic data; 2) social class using the modified Hollingshead classification;" 3) smoking history; 4) New York Heart Association (NYHA) functional status prior to entry; 5) medications prior to entry; 6) cardiovascular comorbidity with ordinal categorization of severity of hypertension, diabetes mellitus, angina pectoris, prior myocardial infarction, cerebral vascular disease, peripheral vascular disease, and *The authors will supply copies of the data forms on request.
other cardiovascular conditions; 7) family history; 8) severity of the acute coronary event in terms of hemodynamic and arrhythmic complications; 9) medications at discharge; 10) 12-lead ECG prior to discharge coded according to the Minnesota classification;'2 and 11) a six-hour Holter-type ECG tape recording. The Holter recorder was applied for six hours during ordinary daytime ambulatory activity in the last few days before discharge. The pre-discharge ECG tape recordings were analyzed manually using the Avionic rapid (60: 1) scan technique for: 1) basic rhythm; 2) maximum, minimum and average heart rate; and 3) VPBs. All identified VPBs were played out in real time (25 mm/sec) and categorized by: 1) overall frequency (VPBF) -the total number of VPBs on the recording was divided by the duration of the recording in hours and expressed as VPBs/hour; and 2) prematurity -the earliest VPB coupling interval (RR') divided by the QT duration, i.e., RR'/QT. In addition, the following VPB patterns were categorized as being present or absent on each tracing: 1) multiform configuration; 2) bigeminy; 3) pairs; and 4) runs of ventricular tachycardia consisting of three or more VPBs. Follow-up All study and validation patients were followed-up during the first four-month posthospital interval. During this time, eleven 1973 and eleven 1974 population patients died from a cardiac event. This diagnosis was substantiated by clinical information obtained from the spouse and private physician concerning the terminal event, as well as from the hospital charts of those who died in-hospital upon re-entry. Seven autopsies were obtained, and in each case the findings substantiated severe coronary disease. From the available clinical information collected about the terminal event, the suspected mechanism of the eleven cardiac deaths in the 1973 population was arrhythmogenic in nine and progressive heart failure in two; the suspected mechanism of the eleven cardiac deaths in the 1974 population was arrhythmogenic in eight, progressive heart failure in two, and shock syndrome in one.
Data Analysis
The data were analyzed by a prognostic stratification technique described by Feinstein in a series of recent publications.10' 13, 114 The individual variables recorded during hospitalization were related to a cardiac death target event which occurred within four months after hospital discharge. The variables had either nominal, existential, ordinal, or dimensional value, and each variable was divided into a minimum number of partitions depending on their characteristics. For example, the existential variable multiform VPB pattern recorded on the six-hour ECG tape was categorized as present or absent, whereas the dimensional variable VPB frequency was partitioned at a level (20/hr) which optimized the separation between survival and cardiac death. A history of hypertensive cardiovascular disease (HCVD) was ordinally classified into three grades: 1) no history of hypertension; 2) documented history of hypertension but without prior congestive symptoms (exertional dyspnea) or signs (pulmonary congestion on chest X-ray); and 3) documented history of hypertension with prior con-gestive symptoms or signs, or both. The severity of HCVD was dichotomized by partitioning the ordinal gradations between levels two and three. Similarly, a history of angina pectoris was graded into four levels: 1) no history of angina; 2) angina only at greater than ordinary levels of activity; 3) angina at ordinary levels of activity; and 4) angina occurring at rest. The severity of angina was dichotomized by partitioning the ordinal gradations between levels two and three. A Yates corrected chi square analysis15 was used to evaluate the significance of the association between the partitioned variables and the dichotomized target event (alive, cardiac death). An SPSS program'6 was used in conjunction with an IBM 360 Model 65 computer for high speed data analysis. The output was in tabular form with chi square values computed. Less than 2% of the patients had missing values for variables utilized in tables 1-5, and these patients were excluded from the specific analyses.
The aforementioned analyses were carried out on the 1973 population for univariate data reduction. Selected variables were conjoined, and those combinations which identified groups of patients with low and high mortality rates were identified."0 Meaningful univariate and bivariate factors were selected for use in the stratification process. The overall prognostic staging can be summarized in 2 values of higher significance. However, the reader should use caution in interpreting the significance level from the chi square and Z values in the exploratory phase of the study because of the large number of variables screened and the post hoc method of analysis.
In the confirmatory or validation phase of the study, a priori hypotheses were tested. The stratification schemes derived from the 1973 population were tested on the 1974 population. Z statistics were computed and specific P values were obtained from a table of normal (Gaussian) distribution.
Statistical analyses were two-tailed when the significance of an association between two phenomena was being evaluated. Single-tailed analyses were used when evaluating a difference in one direction only, i.e., in the stratification scheme when one is trying to determine if the mortality rate in the high risk group is significantly greater than that in the low risk group. One hundred and forty-two variables recorded during acute hospitalization of the 1973 patients were related to cardiac death which occurred within four months after hospital discharge. Those variables associated with an increased (xI 2 3.84) four-month cardiac mortality rate are presented in table 2. Only four variables were identified by this univariate screen: 1) female sex; 2) history of hypertensive cardiovascular disease (grade 3) prior to entry; 3) history of angina pectoris (grades 3 and 4) prior to entry; and 4) VPBs . 20/hr on the six-hour pre-discharge ECG tape recording.
Results
A number of bivariate combinations were formed on the basis of clinical factors hypothesized as possibly being related to early posthospital cardiac death. Three bivariate factors having interesting four-month cardiac mortality rates are presented in table 3. Although neither a history of angina pectoris nor a history of myocardial infarction when individually dichotomized by their presence or absence was associated with an elevated mortality rate, their bivariate combination (neither vs either or both) was associated with increased cardiac death (x' = 4.37). The bivariate combina- tion (neither vs either or both) of CCU hypotension (systolic blood pressure < 90 mm Hg) and CCU congestive heart failure (CHF -significant rales on auscultation or pulmonary congestion or edema by chest X-ray) was associated with only a modest increase in the cardiac mortality rate (x2 = 1.86). Nevertheless, this combination was a highly sensitive screen for it contained 10 of 11 (91%) patients who died of cardiac cause in the four-month posthospital period. Bivariate VPB combinations were exvlored, and the best combination (frequency . 20/hr and/or multiform pattern, On the basis of the aforementioned data reduction, prognostic stratification of patients into low and high risk groups was attempted using selected combinations of the univariate and bivariate factors (tables 4 and 5). Scheme I (table 4) utilizes three univariate circulatory factors, and this method identified low (1%) and high (13%) mortality sub- low risk groups for scheme I is not statistically significant (8% vs 4%, Z = 1.31). Discussion This study demonstrates that patient subgroups with significantly different four-month posthospital mortality rates can be identified from clinical information gathered during the acute hospitalization. The unique features of this study include the application of a stratification process"3 14 which demarcates groups of patients with low and high mortality risk, the validation of this prognostic stratification scheme on a totally different population, and the identification of a relatively short time interval (four months) in which the discrepant clinical courses of the demarcated groups become evident. The present investigation is more a clinical than an epidemiologic study since the focus was more on the use of traditional bedside information in predicting the subsequent short-term clinical course of patients than in quantitating the incidence or prevalence of coronary disease and its secondary complications in a large population.
The statistics used in this study warrant some comment. Initial data reduction and screening of pertinent variables were done for the most part by chi square analysis which evaluates the significance of the association between the partitioned variables and the target end point (four-month cardiac mortality). An unmanageable number of bivariate combinations [n(n -1)1/2 exist for n variables, and for this reason only selected bivariate combinations were evaluated and only the meaningful ones presented (table 3) . A restricted number of univariate contenders was chosen for crosstabulation on the basis of clinical and physiologic judgment together with appropriate attention to adequate numbers of patients in the partitioned variables. The stratification process (tables 4 and 5) utilized a lexographic ordering approach in which the mortality rates of groups of patients with various combinations of the univariate and bivariate factors could be examined. Optimal stratification was obtained by clustering factors with similar mortality rates into dichotomous low and high mortality groups. The large Z scores in tables 4 and 5 indicate strong associations between the clustered factors and cardiac death.
The prognostic stratification scheme derived in this study identifies a subgroup of patients with potential high risk in whom more specific testing should be carried out. For exam-ple, it may be reasonable to carry out coronary and left ventricular angiographic study in the high risk group with a 14% four-month mortality identified by the derived prognostic stratification process. The angiographic study is very specific for evaluating the severity and extent of coronary artery disease as well as the dynamics of myocardial function, factors which are very specific for subsequent outcome.19-24 The prognostic stratification test described in this study identifies a 16% (37/234) subgroup of the postinfarction population which contains 45% (5/11) of the total cardiac mortality.
Thus, in looking for surgically remedial situations in the postinfarction population, it would be more reasonable to do angiographic studies on the 16% high risk group than on the entire population of infarction patients. This strategy of sequentially combining screening and confirmation tests should be useful and economically efficient in the selection of patients for more aggressive medical or surgical intervention to reduce postinfarction mortality.
The process of prognostic stratification is methodologically easy to understand and apply. An important question is whether this approach is as accurate, precise and meaningful as the more complex linear regressive techniques of stepwise discriminant analysis and logistic function analysis. These latter techniques utilize more sophisticated mathematics and provide easier evaluation of multiple variables. Stepwise discriminant analysis and logistic function analysis were carried out on the same significant variables from the 1973 population as utilized in the prognostic stratification approach presented in this report. A comparison of the stratification and the regressive techniques indicated that the results of the two approaches were remarkably similar.
In the 1973 population, female sex was associated with an increase in posthospital cardiac mortality, but it was decided not to use this variable in the stratification analysis. Females made up only 18% of the combined 1973 and 1974 populations and there was a larger percentage of women in the 1973 than in the 1974 population (table 1). For this reason it was felt that female sex should not be used as a discriminating factor at this time. It is anticipated that the female population will eventually require separate prognostic stratification, but this will necessitate a minimum number of 500 women patients for adequate analysis. Only a few studies have been reported in which women with ischemic heart disease have been investigated and compared and contrasted with men,25 26 and the general findings suggest that women have more angina, hypertension and diabetes mellitus than men.
Clinical Implications
One of the important purposes of prognostic stratification is to identify groups of patients with different outcome rates in a manner which permits explanation of the observed phenomena. The three factors which were derived from the 1973 population and validated on the 1974 group contain information pertaining to the major pathophysiologic derangements in patients who die in the early posthospital phase of myocardial infarction. Thus, VPB frequency . 20/hr reflects electrical instability; a history of angina pectoris at less than or equal to ordinary activity prior to the index coronary event suggests pre-existing myocardial ischemia with significant stenosis of two or more coronary arteries;" and hypotension or congestive heart failure, or both, during the heart attack bespeaks the severity of the mechanical myocardial dysfunction. These three factors (electrical instability, myocardial ischemia, and myocardial dysfunction) are computer-assisted methods of rapidly assessing segmental myocardial function become available. Studies correlating wall motion abnormalities with the degree of ischemia are extremely limited. The purpose of this study was first to determine whether there is a specific qualitative pattern of segmental ventricular contraction abnormalities which occurs as the myocardial ischemia progressively increases, and second to relate these observed abnormalities of contraction pattern to the known effects of ischemia upon isolated cardiac muscle function.
Methods
Fourteen mongrel dogs weighing from 17 to 32 kg were anesthetized with intravenous pentobarbital, 30 mg/kg, and respiration maintained with a Harvard ventilator. The left ventricle was exposed through a left lateral thoracotomy and suspended in a pericardial cradle. High-fidelity left ventricular pressure was monitored with a transaortic Biotec catheter-tipped transducer passed from the femoral artery. Aortic pressure was monitored by a 7F femoral catheter attached to a Statham P23Db strain gauge.
For assessment of regional function, methods previously described by this laboratory were employed.' A I cm mercury-in-silastic length gauge (0.31 mm inner diameter; 0.62 mm outer diameter) (Parks Electronics, Beaverton, Oregon) was sutured to the epicardial surface of the left ven-
